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(54) ARTICLE HAVING OPTICAL FIBER OF SILICA BASE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a clad layer pumping optical fiber having such a 
structural body capable of easily coupling pumping radiation to the optical fiber. 
SOLUTION: The refractive index of the inner clad layer of an article having a silica 
based optical fiber having a core 1 1 and the inner clad layer 12 enclosing this core is 
below the refractive index of the core. The inner clad layer is enclosed by an outer 
clad layer. This outer clad layer has a first outer clad layer 13 between the inner clad 
layer and a second outer clad layer 14. The core, the inner clad layer, the first outer 
clad layer and the second outer clad layer are made of the glass obtd. from a preform. 
The refractive index of the first outer clad layer is below 1.35 and the optical 
characteristic of the optical fiber of the first outer clad layer is independent from the 
second outer clad layer. 
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37 (1 1) t, ZVziTttmirbft 

mvv*m d 2) ya^-xowfc^-c 
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zrortfiS^T-vKIS!*, *MH?7'y KHlc^ySH* 
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BEflBf 5vKBl*» ««f7t»Ki (1 2) ££2 
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JS«tt*«S2M^77Ki (14) frfcaaLTl^ 

s c t s^at f a •> y -h <<-*o%z> 7 -<iitt? a 

20 

[If*^ 2 ] BiJlBH 1 MM* 7 7h'i (13) I*. A 

*i>wia**ti: t i Etta* 

a 

i** c i t -t zm*m 2 

STE=lTI*s Ge, P. Sn, Bfrt>t£&9)\>-9frl> 30 

«B*a2Eita>*A. 

[fS*^5] frtEarl*. Er, Yb, Nd, Ho. 

z t £ft&tt$tti#.m 2 e«a>«ia. 

[trase] wE=ir©*»ia»r»i*. a* a« i=fc 

L-Cl**Ct*««4:1-*BI*a4EBfl>*dli. 40 

[M*^7 ] tnen«^ 7 » Kn^mznfl^ 5 ? k 
i/y*«-cfc*ci:fti»fti:r*ii*azcii© 

[RXfls] fjiaOx^«*4fl)S»f^l*. i/y*©B 
»f^n0 UTT>fc«Zfc«ttBfc-r«nft9l7ES®tt 

€lo 

[R*ae] KEaTtt, Gam46i:Er. Y 

b eft? c: t £-r*si*gi 2 ESa>«i&. 

[»#810] gJEr.011*, 1. Z5JilTT-fe5C«t 

«mi^-r-&Bi««2Eiia)«ia. so 



[B*311] BlFEfelp D pli, #>^Sk»V-^t, ft 

it $ w 0 i/ y * % y 7 4 1 <i=»*r 5 * ^ t £*rr * 

[0001] 
[0002] 

fc*a 7fc*fc*fiB**«B»*a>*irefc** 7 » 

KStswra. tLtuW5? kbi*, a*#y"T 

ftfltfloTttlMtEl*. 

[0003] fc*D05 ry^jn^ry Kj *77-f/<li, 

*&i=*fc«&Br«ttBff*a«* (a*. #y 
v-s) *&«sy, •f-LTw<D^y7-sg<D«B8ffiJa 

[0004] C(D«fc9fc$':7;H77? Kjlt^r-f^l*, 
fflxli^^-v K®/K>^U— tf (cladding pumped lase 
rs) lc£ffl£;h.£. C«)«fc?a«77-f S6±S 

(0. Er. Yb) *K— ^Sih.fcS'ya*— X<D-» 
y^-KaTft*^ *. *MB3r*©**tt. 
»«-C7^ J E--K*«*4:<E*J:5a«*i|ifc*fi* 

(£<<&«£) K-^**ifci/y*s-c&4. is 

BWMMI*. XT (SOS) t?&y, ISKMftSfttJ: 

y («, 77-f /\*<o5iib) i=j:ya«i±isB*f*<D*y 

[0 0 0 5] (SWKflDV— X, fiiAtfy-fi— K7W 
*>6«0^>^*tt> «f7A^7? K^T'f/^rtflHf 5 

B^t'SBfSlStSt^fflPa (N A) «rt-**6T? 
fcS. v;U^^-K^>^3tA<a7<!:XS-r-&t. »± 

[0006] rcD^-v KB* V^77 •</<», 3 7t 

®? 7 -f / 99 l>-t 4 ^ nmt * c 1 1= * y 

h*3 74>i-m#*aia$-iiT. Jttsst LTtmi^s- 
[0007] KBtHv^u— tfi*. ffilKo^ife 
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^/<<D*#ft«jSlt* K* h9-f ^©y-f^-— K 

i/-- VO) «k 5 ftftWK* £ > iOi^- K 7 r -f / t? 

[oooa] fa7M57 K (-B^y K) ft^r 

cdt/WxI*. BfefcttfttttTtfl** *77-f/<l=* 

azt-e&So «fia)ifio*77^/<it, ^®fti¥14 
[0009] *^T-f/<+e«MByu— r-f ><f£B 

mtizt\t % asaft^p-trx-c&y, as&6ft£a> 

U-f ^ >^)?tt?^-^ LW<bJt^7'l'/\'fl)37 20 
l={fU— r-f tLT*77-f/^*St; 

rtt, *^r-f/<t»=i— r-r >y-r*cti=j:y, ft 

?KB£SB«tt(*i:LTffift (B8»1) Stf'Jv 

[0 0 10] fr< LTla-f^ >^l^l> (BSte<D 

{H (^"J7t- A3^6*Stt4*ifc) ©#5***5? K 30 
B S* * fcSB**«*©B«*l=tt# Lft * -5 fttt 

CCT% nl, n2(*:iBB©ttJ*B*©B*r*-e* f 

1, f 2ii**L€*io>«iai#i[-efc*. 
[001 8] r^>K-^j B«t*£« 

fe* 0 40 

[0019] rftjgjBj 77-f/Wi/-f<>{ffctt, 

J:5B«**tf=liy«LE«IAt*-r4Btt»^yy 
l>-fO^I5o ^©cfcdft^-Ktt* *#ft*g 

-Ri*5y KB©B«¥U:*B"e*y. *Lrc<D<7 

ft#ltA<^^< (v»;*o)2o<giz) ss. 

[00 2 0] 

[BW3&«»*L*atr*»H] Lfctfot*JW(DI 50 



[0 0 1 1] #H#M«3 f 902, 87 9^1^*7 

•v KB*»*iail=Btf*«ftL^-^>T J fr*^t*rt' 

[0 0 1Z]*Htt»*Re 2 8, 6 6 4#lt. BWft 

[0 0 1 3] *H»ft«3. 7 1 2, 7 0 5*lli, Btt 
©■■fl«5^*'9 h + l::EB*;Kfc*a»©Kffi£*i 

[0 0 1 4] *H»«F«4. 0 4 6, 5 3 7^lt, 

hB*l=* y U A h * tifc* 

[0 0 1 5] *a**»«3. 9 5 0, 0 7 3*14, *MH 

^■□7t»*77'f /««aLti^. 

[0 0 16] 

7ff3fcB© r §flP$U (numerical aperture (NA) ) 
It, (ni2-n0.12) 1/2 T*&kV£&. ZZV* ni 

f*««*9? KBa>B«»-c, nontmi ©ttffii*^ 

KB©*iMMr*-e**. 

[0 0 17] #*B©*77-f/< (flla.lt, »ifl>fMB 
5 r«i»¥j it. *©^7-f/<*«li« 

-r*«*fl>flis«*a)BSf*a>B^«#¥is-e*4. 2 

*I3i©$J«gitfr & ft *tt8©?rt!]fl8r* n r*«SfCje 

[Ml] 



mum****-**? * Kn*>^*77-f/<*a«-r 

[002 1] 

■l=EM**ifc»M**-«. #8181*, a*fflfa7 
SeHH=»L**aBBP* (NA) t*-f«ft7T'f/<£ 
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[00223 mo&zmmitzzkits %z?t^^\z 

Stt) I*. «*tt«()!>tJli*y*«^BSr***'#-«^ 

[0 0 2 3] *S*S*fl)*77 K«*«)I8i:*fLt 
I*. NA^JtJD-r«l=otiTJ:y*<©*a)V--^6 

«x.st, fcft**4o>*>^/<9-r=>tLTtt, *y 

^^NAJt«7r^/^ *iaWW7'; KB? 

uhtm±m4*><oBORifi*i*<iiy* k«« 

^fclcfti. *&|z*fctt6Wa>*?7'f/***7*K 

[0024] s&i=*ftwi=Bti!M-*i:* *&hi*?i» 

H-r*SaH«T*3&<ni<nct?a&*ni ©Wfllf^K 

B£*fL. S6l=C0)rtfll^7^ KltfWi^?^ KB 
l=SB**i*»tta)*> , J*^— Xfl) (ffl*. 5 0%&± 

fc4in*8 096tt±oi/y****+4) &£SS<B# 

[0 0 2 5] CcoMll^y KBl*. ««9 7*;KIt 

mzoftwtvv vmtiDmznMDftmtvv kbs 

I*. nOKni tft«J:7lRih«. C(7>miC0nfJ 

*9*KBf*. #>^*tf»2 0)#HI*5v KJ1I=S8H 

Ml=fT^*L^«fc 5 fc* 3&^0*7 7 * /i©«*»1±3&<* 2 

(Dt'yy KBtecfcT/COSB^a)*?? KBCDMUKfea 

[0026] cc-c. r#>7*«Bfci=*IB*9* 
KBfcfffraiM tf*. ^T-f/<*©»a*/«9- (« 
xf*. tf>:7/> 0 9-fc£lM;Ml#/<9-) 0)1 0-3IUT 

lz?«£Lttl^i:*«i*1-4. 
«77^/<(0**»ttlt »2rtBf5yKB 

[0 0 2 7] CUD*! a>*HM?9y KBa>«SMWr*n 
Oil*, tt#ftHU»i/y*a>H*f*nO JSTF-CfcS. a« 
n01l*. 1. 3 5I21T"CK*L<I41. 2 51UTX& 

So 

[0028] *^B^co-HJ6^]ictei>ri*s coz^f* 

frtt y 0>tfftfi<£R (empty space) "CfcaBUHll* 
7 7K««:, »2rt«25* KBSfl«*5v KBI= 
H^Ti .fed (web) t^lMI^7 



*;KB(D'MII» (5 0%J2lT»*L<f*2 5%IUT) * 

*«si*4c*i=«fcyaja*i*5. c^^x^wi 

[0029] :fl)»2fl)»W77KIII4, *RMi::* 

»«7vKllt S/'J 37^:^7 
•y KBiBlrtB*?* KBfc^JMH*?? KBfc 

10 i*. att^y7*-A^6»6tifc#7^£d*L, * 

r-<l*. SBffl#U v-a-f -r >^Il:J;iiai**i 

[0 0 3 0] 

[iena)iHKa)»n] mi*. *^*^r^/^i o 

i 2I*t;w 15 e-K (7Kv^?fifilcfci>r) ««?7-; 
KB*, 1 3I*»1«B$9?KB*. 14I4»2^« 
*5?KBt* 1 5l±7Ky-*-3--r-<:>?B£ai\ 
20 ZCXBBftjStt. «1*M«*9-J/ KBl 31*. Km 
«<??^ KB 1 3a>£$]B«r¥ (H2ifcgT:) (*> 
5/y*0)B«f»nO (fl, S1. 3 646I=I*S1. 2 
5) T'feSo 

[0 0 3 1] ZO)Zkl*j<£t£&JgL (17) -efc^mi 
KB1 3lz, Zfl)«irtfl*7^K»l3a) 
KzftUZJy KB 1 4Srti*7^ KB 1 2|-0SL 

(2 5%jut) s*«t8ciic«kyirt*h4. mm 
&m\z'?%tz#)\z s z(Dm^mm\mMzit7r.Lx^ 
30 ±uomm<Dm ^ hwv =? v KB i 3 1*. rx7 

Kj BBfctWI"*. 

[0 0 3 2] 0 7 l* s MS^8fa7M77K 
T. 7 1 fc7£7 2IMB97 9 KB*7 3f**MM* 

5?KBMrt\ :(D377llt 7y?K-fcf>?L 
fc (H«f**±lffc) S/"J*BT?, ««^5^KB72 
l*a«fl)i/y*-lf, KB*?? KB7 3l*x7 (fflft) 
<0BSr*"ek* 1 *y *l**j&M=*:#^H&r»np £W 

■r*«B»»#y 

40 [0 0 3 3] El 8 14. *SSW(D#7 7*/<<D*»HSr* 

?P7 7<f;i/S«t. BBI=6L^-C. 8 3liHMW 
r; KB. 8 4 i*&2ftB9 5v KB. 8 5tt#yv- 
377 1 fcrtW?^ KB 7 2 
ttH7lz^Lfc*0£l5lSHi:*©-e&6. »i*mi2 
5^ KB8 3flO*»B«f»l** 4/y*©B8r»l- 4 5 
k y *tt*fric/h* < HBSI^I* 1 l-ifit^ 
[0 0 3 4] g2M!^77 KB 8 4l±-BMI=i/-y* 
Stfc^o :<D»2ttl^7^ KB8 4I4. %-?-r4rt 

50 IfSSfflXfeSo /-Kyv-u— T^>yB8 54,*fc*^ 
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So ^'JV-a-f-f ></ms 5l4n0 J:yt**l^ 
(J^lZ^fcnC *yt**W WSIlStfT^np 

-So Zfl)di4«H7fl)tt*aiSI=flS*Jt7 7-f/< (np< 
ni<nc) ktt&£tl&&V$>$>o 
[0 0 3 5] iT^^^K^T-f^lt >7VKI*> 

ofeW/SfcliAl) BMEJfctB K-/<> K <«L 

Er. Yb, Nd, Ho. Dy, Tm(0 1 OfcSlMift 

[0 0 3 6] tt07?'J^-i/a>l^l^(t 37 

Sfc&lCGe, P, Sn, B (0 1 OfcSlM4tSS0>5cSS 
S^TfSo ^#(D7^ , ;^r— >a>l~fcl^T[*, =17 
trt^^^ Kg £14* &!=V>^%-KOfl*iklt 
Oft-ft m> 1. 5 5//mS(S) toHtf-KJ K**lScfc 

[003 7] 3«&WI::«fcSX7$^7 K?7-M£$7 
* Kl#>^L/-+Fffllcffl^SC<kl4, ft*a>*5?K 

*$«NA36<a«1?**ja!c&4. -#*«W0):7 7-f 

V * *ittl*«JS» |y— r -f > ? * »36-r 6 c £ fc cfc If 

a»i=a»-c**jfti::*«. 

[0 0 3 8] SJi«^U-T-^>yii. S££ftfcJ;tf 
So ca)«»a>*3S«Hi4. fiaa^u-f^ 

It Sft&<7) A ? 7 -f / U V - 3 -T- -f > 

tttiyau c^xic^yTK'j^-^-ir^vysfis^ 

So 

[003 9] y illklT* /*<Dzi7tto 

£i*So C<D=l7*t»l4* GeS#*LBraO>HSr*:7 

a^7^;u$4^.So ^^I^^S^^^ Kli^>^^ 

7-r /<t fcivcii, -as&s^ttiaaasa)W±s k 

-/Oh («, Er, Yb) £^?rrSo «>79K 
BI4-»«l=7>K-:7 (K— ^LTt^ttW &SIM4 

^^>K-^a)vy^-efcSo 

[0040] 37/M!*7*; K^'J7t- Afl^Jc 



y fa-^37/^ ^ ? kb?»j 

(overc I adding) Z t \z J: y frfrftSo -<D*Y tf 

5U*a.— ?r*. *<DBffl*Bii:T, *LT*a>aa* 

£ tlSo 

10 [0041] H2i*. #77^/<*3IS»<<lta>a£tt 

SBU *2#MI^77 KH 1 4ttt-/W77 Kf a 
-^Z*ltf«20n«97 7 KBI=fc4. fLT21 

f4S/y*»a>**t?7 , j*:i.-?£«u cui^a^a 
(web ) fcfcS, a«»i:»a**i4*y^-:=i- 

[0042] ^tr^y* a— ^2 1 1*. anuxEB 

*;K4**4lM4ttMLTKB*tiTl*4. X*— 

^x?a)atf?*£»j»LT^So arax'<-x2 2 

LTI*4»£I=I4, v~;U*tiTfcb-f (SJCbftTte 

serf) *-vtf7y^i-^aMLrsas*ir^* 
»dizi4, i/-;u*ttr^s (EBCbiiTi^S) . c*i 

B&ti>IBI0>*y9Btt (necking region) SS'JM-LT 

l>4, 

30 [0043] *«icjfiL^a*^*-faffia*i=j:y*Fw 

»a^«i=o*iTconawM>iniM(» < r«tf« 
cfti4rt«E*#*Ba*£*«**3£B*4g*i=* 

ftSo Cft£(Dffl®1iJ|E0E;&l4. #^^0)Rffia»H 

aaaa>B«^*77^/Wft&«>*eai=ft*n«i* 

*tiScfc5(^@BDgg*HSo **l=B»LTt^ 
«B«r4. ^^7^/<^l#te^sp a i 5=i77^x*H 
s*<s ^cdssi4, -t*i&i4aBa*ic»tifrsE*s 
40 ©AiLaL^&-cfcs 0 c(DHaf4Braa>is*aa** 
* s a ? 7 << 1 <o>aai=a mv * s . 

[0044] H 3 14. ^BJ^ft^-fACBK®^ 

u s/y^a+^if^y^a— Wifi»LTRB4*i. 
3 1 14x7x^-^*3 2 i4jB^ajsi»sa-r. s 

[0045] H4i4, H3fca«-r**awo)*7 7«< 
/<©RaBt«+aw* *i4Ht&*i-CL**. 

50 4 1 !4li7F«iS<** . 4 2(4+-ve : 7y^^-^(0X7 r 
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4 3ltl®|y]X*-X<DX7X^--X£S 

to 

[0 0 4 6] 0 5 lt % *36W<D*7 7-f/<0)»rBH6* 

[0 0 4 7] 3677-f/W^U^3l— A^&3l#tt**L 

[00 4 8] *«WICcfcS5t7T^/^±, £^KJ§# 
* K?7-f &*U «Ofi7W57 K 
/**ttffl*4c:fca<*5L&ft4. *36W0>*:77-M 

it. «*©«a«)fa7;W7y K^r-f/uy **y 

7 -f/<l±* R^-ettftt^ffl^^-y Kg® 

[0 0 4 9] *9SMI=*«*77-f/<tt. ft3fcftffi<&fi: 

«a^*»MtD*^7-</<*«ffl-r*c:fcA < #x6*t 
4o *Xmicj:«x797^ K^7-f/W©*fiHW^U 

[0050] @6 it, *«eH(D*7 7-</<a)j63iam^ 
H«tti3«fcSBfaHsa-r. 12^7^ kh£=j7 30 

•/MB* 9? KBI=B»**4x7*9* K**x7tf 
[00 5 1] B9lt **8BI=*4*5v KB#>7? 

7*/<u— tk>^v-x9 1 it7K>^scit5t 

9 2«JtfflU ^tL*tt*0)**««9 3l=«fcy*7 7 
-T/^9 4<D=I7/W»J^^'> KB*l=IB*"t4. -<*>^ 
;u^-K7K>^tt»*A<*^7-f/<a)a7rta)K-"^ 
vhH^E&fiU u-if»lt9 7a)a®teSt$fTJb^ 

4. 9 5, 9 6l±tt*0)7 7-</^ : 5^U- J r-r>y 40 
■C^*i64«U— !fa)*¥*^eT-rt«3E^4. L/-+f 
»»9 7^»6*i4. 
[0 0 5 2] S»«3 7/rt«^ i 7^ K?y?*— A 
IWGeh 0. 5^;U%Yb<t, 4^U%P 

6€^%A l SK-^Lfci/'JA^yiBf a- 

? Wg2 0mm, M81 4. 7mm) a)Afl|l=ita 

(MCVDlCcfcy) f 4Ci:lcJ:ypfill*4xfco CO)? 

'J 37^-— 7 2mm<Dfig(D=i7 (=l70)An 
It. 0. 0 04 8) <t, 13. 4 5mm^g$^t4 
tpmay MzzUvZfXLtz. C<0Zf*)Z?*- Alt, 1 50 



9 X 2 SmmlDv'J^Sf i-^fflW 2 1 • 1 mm 

[005 3] Z0)-J*) A£ 1 1. 9mm<0Hgt 

tt4«fc33l#KliU le^'JiiS+^KUfa. 
— ? (0. 508mmx0, 7 18mm) S2*fl)fa 

— 3f a>K&5»/£ i-mbih Lxmm-t 4 l(blU l JSiL 
to fi^o^e^y^i-^it, -tcDisffitfflCT, 
*a)a»t^'j7*-Ai=*ii!rt-4cfci=j:y^y7^ 

-AP* KIcEBLfc. ZOmZ&lts -tO* 19mm 

?A«37P7 Kfctt^U 5/-^**ifc«ffl*»«-r4 
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